section S1. Synthesis 1a. Solvothermal Synthesis
For the synthesis of Fluorinated Boron Nitride (F-BN), 30mg of hexagonal Boron Nitride (h-BN) was dispersed in 30mL of the mixture of Nafion and N, N Dimethyl Formamide (DMF). The mixture is sealed in an autoclave and heated at 200°C for 12 hours. The time of the reaction was found to be important to control the amount of fluorination. A longer time of synthesis yielded higher fluorination. The temperature and pressure were also found to be critical parameters in the fluorination. The choice of solvent was also found to be a deciding factor as the use of other solvents were not found to yield good results. After the synthesis the sheets that settle to the bottom was washed with acetone. The washing removes any excess polymer which remain between the sheets of the F-BN. After washing, the removal of the polymer is completed by an annealing at 200°C for 24 hours. More than 80% yield of F-BN could be obtained by this method.
A visible change is observed in h-BN on fluorination. The white powder acquires a brownish tint. This is evidently due to absorption in the visible range due to a decrease in the bandgap. It is also observed in amine functionalization of h-BN (10).
1b. Direct Fluorination by F2 Gas
In this method a mixture of Helium and fluorine gas is used as the precursor for fluorination.
Commercial h-BN is taken in a Monel reactor and the fluorination is performed at 100°C for 1hour and 5-hours respectively. The 1-hour yields lower fluorine content in the sample while the 5 hour yields much higher fluorine. However due to the high reactivity of fluorine, it leads to etching of the reactor walls leading to some metallic contamination in the samples. Preliminary MAS 19 F NMR studies were done at 376 MHz with spinning speeds up to 12 kHz (4 mm diameter rotor). The spectra indicate the presence of at least two centerband signals (at -122 and -80 ppm, relative to CFCl3 defined as 0 ppm and where the negative sign indicates a still more shielded environment) for a sample prepared by solvothermal treatment of h-BN with Nafion in DMF. The numerous spinning sidebands from relatively slow spinning and probe background signals prevent a definitive interpretation of the 19 F signals. Additional work is planned with much faster spinning at a different field strength so that all of the 19 F centerband signals can be clearly recognized.
Securely assigning 19 F signals to F-BN and differentiating N-F signals from B-F signals pose significant challenges. As will be briefly discussed, there are no good model systems with 19 F chemical shift data for F-BN, and 19 F chemical shifts are very sensitive to structural changes. A set of cyclic compounds of the type cyclo-[BF-NZ]3 (Z = H, CH3, n-C3H7) exhibits 19 F chemical shifts from -127 to -131 ppm (relative to CFCl3 defined as 0 ppm) (36). A compound with fused 4-and 5-membered rings containing only boron and nitrogen exhibits an 19 F chemical shift for the FBN2 group at -157 ppm, while this and a closely related compound exhibit 19 F chemical shifts for the F2BN2group at -158 ppm (37).
There appear to be relatively few compounds differing only in the replacement of nitrogen with boron for which 19 F chemical shifts of the N-F and B-F groups have been reported (table S1).
While the first 6 entries clearly show that replacing nitrogen with boron exerts a large shielding effect on 19 F, the last 2 entries show a modest deshielding effect. Thus, assigning 19 F signals to N-F or B-F environments on the basis of chemical shift requires caution. In contrast, fluorinating an FBXY compound to make an F2BXYanion (analogous to fluorinating boron in h-BN) usually results in further shielding of the 19 F signal (table S3) , with the anionic chemical shifts ranging from -88 ppm to -151 ppm in six simple inorganic examples.
In contrast, going from FB(C6F5)2 to F2B(C6F5)2has a -31 ppm deshielding effect, with the anion at -145 ppm. The data in tables S1 and S3 show that the presence of two organic groups results in a very different change in the 19 F chemical shift upon replacing N with B (table S1) or upon generating the anion (table S3) . The PL spectra were obtained by dispersing the samples in water and were excited at 280 nm.
The sample with 11.3% Fluorine ( fig. S6(E) ), seemed to have a wider range of emission, a cuvette made of PMMA cuvette (BRAND) was placed before the detector in order to decrease the second order diffraction, functioning as a filter; such cuvette has an emission right at 622 nm ( fig. S7 ). The emission of the cuvette by itself was measured under the same conditions and subtracted from the original spectrum, causing the small shoulder at this point.
fig. S7. Control measurements of the blank cuvette. (A) Absorption spectra and (B) Emission spectra under the same excitation wavelength
In the pure hBN samples the first two peaks have an energy gap corresponding to the phonon energy in hBN. The peak at 4.09 eV ( fig. S7(A) ) is the zero phonon line corresponding to TO phonons. The phonon replica of this peak is observed at 3.92 eV (ѡTO = 169 meV) (48 AC magnetic measurements are done in the temperature range from 2 K to 300 K. A DC bias field of 500 Oe, and ac field of 2 Oe were used for the measurements. It was performed at two different frequencies, 75 Hz and 750 Hz. A small peak at 75 Hz was observed which was not seen in the high frequency measurement. The existence of this peak was confirmed by another measurement at 79Hz, which is plotted in fig. S8 .
section S7. Computational methodology
Theoretical calculations were performed using first principles based density functional theory (DFT) as implemented in Vienna ab-initio simulation package (VASP) (50, 51) . Electron-ion interactions were described using all-electron projector augmented wave (PAW)
pseudopotentials (52) fig. S9(A) . Bader charge analysisreveals that after first F bond with a B, F atom gains 0.93 electronic charge (55-57). A significant part of this charge in the F atom comes from the three closest N atoms, which lose a net electronic charge of ~0.46 and the remaining come from other N atoms. Therefore, the next F atom attaches to one of these three nearest N atoms on the opposite side of the hBN sheet as depicted in fig. S9(B) . 12.5% of F atoms is indeed thermodynamically favorable. Beyond 12.5% of F concentration, the slope reverses sign, indicating that further fluorination is thermodynamically unfavorable. In this study, the experimental doping concentration was limited to 13.2% F concentration and theoretical data of formation energies commensurate the stability of these structures. We have further performed spin-polarized calculations and found that for 3.125% and 6.25%, the formation energies marked by red triangles in fig. S9 (F) remain the same as non-spin-polarized cases. As the concentration of F increases further, the formation energies of spin-polarized systems become lower than non-spin polarized cases ( fig. S9(F) ). This indicates that fluorination can induce magnetism at higher doping levels.
7a. Alignment of Band edges and band decomposed charge density
In order to understand the non-linearity of fundamental band gap which have been found both theoretically and experimentally from UV spectra analysis, VBM and CBM have been aligned with respect to the vacuum level for each F concentration as shown in fig. S10 (A) . Both VBM and CBM decreases as a function of F concentration. Depending on the magnitude of down shift of VBM and CBM, the band gap shows non-linear relationship with F concentration.
Furthermore, the band decomposed charge density has been plotted in order to understand how F concentration plays a role to shift VBM and CBM as shown in fig. S10 (B-C) . In pristine BN sheet, VBM and CBM originate from N-p and B-p orbitals, respectively (shown in fig. S10 B) .
After fluorination, if more number of N atoms contribute to VBM, it shifts below due to its high electronegativity.
fig In FBN having F concentration of 3.125%, CBM shifts more to lower energy than that of VBM resulting into a decrease in band gap. Due to fluorination, charge densities for VBM become localized near F atoms and therefore, less number of N atoms contribute. Beyond 3.125%, the down shift in VBM is more compared to CBM as the number of contributed N atoms increases with F concentration (shown in fig. S10 C) , which leads to increase in band gap till 12.5%. After that, for 15.625%, the number of contributed N atoms reduces, leading to more down shift in CBM compared to VBM resulting into decrease in band gap.
7b. Band Structure
The 
